Using appropriate isolation and fractionation procedure, and UHPLC-MS/MS as powerful analytical tool, comprehensive phenolic acid profile of leaves and flowers of Hypericum perforatum L., growing wild in Bosnia and Herzegovina, has been analyzed for the first time. The phenolic acids were isolated from plant tissue, liberated from esters and glycosidic bonds, and then analyzed as free acids. Results show that free forms of caffeic and chlorogenic acid were the most abundant. Generally, the content of acids is higher in flowers than in leaves, but environmental factors do not significantly influence chemical composition of this medicinal plant.
Generally, it is believed that roughly 20% of extractable compounds are considered biologically active [1] [2] [3] , but two major active constituents of H. perforatum are naphthodianthrone hypericin and phloroglucinol hyperforin. The content of these two compounds is widely inspected and documented in the literature [2, and references therein]. However, to the best of our knowledge, beside several flavonoids, chlorogenic caffeic, and ferulic acid [2, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] , the content and composition of other phenolic compounds of H. perforatum have not been examined previously. Therefore, we were encouraged to perform detailed analysis of phenolic acids and some flavonoids isolated from H. perforatum collected from natural habitats in Bosnia and Herzegovina.
In this study, separation and identification of phenolic compounds from extracts of H. perforatum was performed using UPLC-MS/MS technique. The interface between the liquid chromatography and the MS detector in this case was carried out with electrospray ionization (ESI). After determining the precursor ion in full scan, negative-ion mode (i.e., [M-H] -), the product ions were determined using MS/MS. To achieve high specificity in addition to high sensitivity, analysis in multiple reaction monitoring mode (MRM) was utilized. Chromatographic conditions were adopted from the literature [18] and slightly modified. LC and MS conditions are presented in detail in Experimental section. Used method is sensitive and does not require laborious purification of plant extracts. Thus, the overall time required to separate 14 analytes and equilibrate column for next run was only 15 minutes.
In order to provide detailed phenolic profile of H. perforatum from Bosnia and Herzegovina, plant specimens were collected from several habitats (Table 1) , which significantly differ in environmental conditions, such as different altitudes, inclination, soil type, solar radiation, different air and soil humidity, average temperature, amount of precipitation, etc. All of these factors influence the type of habitat, i.e. vegetation around water courses, eastern sub-Mediterranean dry grasslands, hydrophillous tall herb fringe communities of plants, low land hay meadows, mountain hay meadows, swamps, mountain forest margins, and urban habitats. SaA -salicylic acid; 3HBA -3-hydroxybenzoic acid; 4HBA -4-hydroxybenzoic acid; PCA -protocatechuic acid; GAgallic acid; VA -vanillic acid, SyA -syringic acid; tCA -trans-cinnamic acid; pCA -p-coumaric acid; CA -caffeic acid; FA -ferulic acid; 5HFA -5-hydroxyferulic acid; SiA -sinapinic acid; CGA -chlorogenic acid.
Herzegovina. In general, flowers were found to possess higher amounts of phenolic compounds than leaves, which is in agreement with data found in the literature [7, [16] [17] . Cinnamic acids are the most abundant class of phenolic compounds analyzed, with pcinnamic, caffeic and chlorogenic acid as the majors. Next are benzoic acids with gallic and vanillic acid as the most abundant.
Observing considered environmental factors, such as altitude for which it was expected that its growth correlates with 15 investigated phenolic compounds (for 28 different samples), such correlation has not been found. For instance, the content of salicylic acid had the same value for the lowest altitude (site Hutovo Blato) and one of the highest (Velez). Similar results are evident also for other phenolic compounds analyzed (Table 2) . Moreover, using cluster analysis (data not shown) it was found that there is no significant impact of locality, and its ecological characteristics, on composition of plant specimen collected. This is in the agreement with results presented by Bagdonaite et al. [5] , Bozin et al. [13] , and Odabas et al. [16] .
Composition of benzoic acids found in particular fractions is summarized in Table 2 . In most of samples, flowers contained higher amounts of these acids. The highest concentrations of salicylic, 4-hydroxybenzoic, gallic, and vanillic acid were mostly found in fractions that contain free phenolic acids, while syringic and 3-hydroxzbenzoic acids were detected in fractions containing esters or glycosides. Table 2 also contains results of composition of cinnamic acids found in flowers and leaves of H. perforatum from Bosnia and Herzegovina. Chlorogenic acid was the most abundant component among all acids analyzed. In almost all samples its content was more than 95% in form of free acid, while caffeic acid, as the second most abundant acid, was mostly found in ester fraction, with significant amounts of glycoside form. 5-Hydroxyferulic and siringic acids were found in traces, while rosmarinic acid was not detected at all.
Therefore, it might be concluded that this plant species does not show high variability of its phenolic profile regarding differences in investigated habitats. For example, content of phenolic compound could vary as a result of different floral development stages with exclusion of ecological factors impact [13] . Similar results were also obtained for other Hypericum species [7, 13, [16] [17] [19] [20] [21] . Likewise in literature survey, lack of environmental influence on variability of chemical composition can be found for essential oil of H. perforatum [21] [22] [23] . According to Radusiene et al. [21] , germplasm of Hypericum species could be possible source of metabolite variation.
The proposed UHPLC-MS/MS method for the analysis of H. perforatum extracts allowed the identification and quantification of 14 phenolic acids within 15 minutes. In order to obtain detailed phenolic profile, plant extracts were fractionated prior analysis into four fractions that contain free, esters, glycosides, and non-soluble phenolics. Comprehensive analysis of phenolic compounds from H. perforatum from 14 localities from Bosnia and Herzegovina shows Sample Preparation: A 100 mg of plant material was homogenized with liquid nitrogen and sonicated with 800 L of 80% methanol for 15 mins. After centrifugation for 10 min at 17000 g and collecting the supernatant, the re-extraction was performed. Supernatants were collected and evaporated to dryness, while residue was kept for isolation of non-soluble phenolics (fraction EB). A 500 L of 0.1M HCl was added into dry extracts, and free phenolics (fraction FA) were extracted using 2 x 1 mL of diethyl ether, which was evaporated to dryness and stored at 4°C until analysis. A 1 mL of 1 M NaOH containing 0.5% ascorbic acid was added into remaining acidic layer, and reaction mixture was incubated for 3 hrs at 25°C. Next, new amount of 200 mL of conc. HCl was added and analytes were extracted using 2 x 1 mL of diethyl ether, which was evaporated to dryness and stored at 4°C until analysis (fraction E). Phenolic glycosides (fraction G) were hydrolyzed from remaining acidic layer for 1 hr at 50°C.
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Hydrolyzed phenolics were extracted using 2 x 1 mL of diethyl ether, which was evaporated to dryness and stored at 4°C until analysis. A 1 mL of 1M NaOH was added into residue from initial methanol extraction, and reaction mixture was incubated for 3 hrs at 25°C. A 100 L of conc. HCl was added and non-soluble fraction of phenolics was extracted using 2 x 1 mL of diethyl ether, which was evaporated to dryness and stored at 4°C until analysis (sample group P4). All samples were dissolved into mobile phase (5% acetonitrile in 10 mM formic acid solution), sonicated for 15 mins, and centrifuged for 10 min at 17000 g prior to analysis.
UHPLC-MS/MS instrumentation and conditions:
Analyses were carried out using Shimadzu Ultra Performance LC-MS 8050 system with triple quadrupole mass spectrometer equipped with electrospray ionization (ESI) source operating in negative mode. LabSolutions software (version 5.2, Shimadzu Corporation) was used to control the instruments, and for data acquisition and processing. Sample solutions were injected into a reversed phase column (BEH C8, 1.7 m, 2.1 x 150 mm, Waters, Milford, MA) with appropriate pre-column. Column temperature was kept at 40°C. The mobile phase consisted of the mixture of aqueous 10 mM formic acid (solvent A) and acetonitrile (solvent B). Linear gradient and isocratic flows were slightly modified of method of Gruz et al. (2008) at a flow rate of 0.25 mL/min, i.e. 5% B for 0.8 min, 5-10% B for next 0.4 min, isocratic 10% B for 0.70 min, 10-15% B for next 0.5 min, isocratic 15% B for 1.30 min, 15-21% B for 1.30 min, isocratic 21% B 1.20 min, 21-27% for next 0.50 min, then 27-50% for 3.30 min, 50-100% for 2.00 min, isocratic 100% for 1.00 min, and 100-5% over 5 min. At the end of program the column was equilibrated under initial conditions for 2.70 min. The pressure ranged from 45 to 50 MPa during the chromatographic run. The effluent was introduced into an electrospray source (interface temperature 300°C, heat block temperature 400°C, and capillary voltage 3.0 kV). Argon was used as collision gas, and nitrogen as nebulizing gas.
